1 antagonists [ARA]) in patients who use these agents chronically. This practice variation reflects uncertainty regarding the risks and benefits of either approach.
PURPOSE:
The purpose of this study was to assess the clinical consequences of preoperatively continuing versus withholding ACEI/ARAs in patients treated chronically with these agents.
DATA SOURCES AND STUDY SELECTION:
We comprehensively searched 7 major electronic databases, considered references from selected reviews, hand-searched journals, and communicated with experts. We included randomized trials and observational studies.
DATA EXTRACTION:
We evaluated the relative risk (RR) of hypotension requiring vasopressors and of myocardial infarction in patients who did or did not receive an immediate preoperative dose of ACEI or ARA.
DATA SYNTHESIS: Random-effects meta-analysis from 5 studies totaling 434 patients suggested that patients receiving an immediate preoperative ACEI/ARA dose were more likely (RR 1.50, 95% CI 1.15-1.96) to develop hypotension requiring vasopressors at or shortly after induction of anesthesia. Sufficient data were not available to assess other outcomes. KEYWORDS: ACE-I, ARA, ARB, anesthesia, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, outcomes, perioperative, preoperative.
CONCLUSIONS:
C linicians commonly use renin-angiotensin-aldosterone-system (RAAS) antagonists such as angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor subtype 1 antagonists (ARAs) to treat hypertension, congestive heart failure, and diabetic nephropathy. Hospitalists and other clinicians involved in the preoperative care of patients treated chronically with these agents are faced with the uncertainty of whether to continue these medications immediately prior to surgery.
The concern among those who recommend holding therapy is that pharmacologic suppression of the RAAS in patients undergoing general anesthesia may lead to severe or refractory 2008 Society of Hospital Medicine (to intravenous fluid support) hypotension requiring vasopressors. On the other hand, if complications are no more likely when continuing one of these agents up to the day of surgery, withholding it could represent an unnecessary and potentially harmful intervention (eg, when a clinician caring postoperatively for a patient forgets to restart it). Although several studies have attempted to address this dilemma, a systematic and comprehensive summary of the pertinent evidence has not been published.
In this systematic review and meta-analysis, we sought to summarize the best available evidence about the relative incidence of patient-important outcomes 1 in patients who do or do not receive ACEI/ARA therapy on the day of their nonemergent surgery.
METHODS
We report this protocol-driven review in accordance with the Quality of Reporting of Meta-analyses (QUOROM) standards for reporting systematic reviews of randomized trials. 2 
Search Strategy
In collaboration with an expert reference librarian (P.J.E.), we designed a search strategy that included the electronic databases MEDLINE, EMBASE, CINAHL, Web of Science, Current Contents, CENTRAL, DARE, and SCOPUS from 1981 (when captopril, the first ACEI, was approved by the FDA) until March 2006. We also reviewed the reference lists of included articles, retrieved articles from our personal files, and consulted with anesthesiologists and hospitalists with an interest in perioperative care in order to identify unpublished studies or studies missed by our strategy.
Study Selection
Eligible studies were prospective cohort studies or randomized controlled trials enrolling adult patients (ie, most patients > 18 years) undergoing nonemergent surgery and using ACEI or ARA chronically and assessing the effect of withdrawing or continuing these agents up to the morning of surgery. Eligible studies measured and reported either events of great patient importance (death, myocardial infarction, transient ischemic attack or stroke, and hepatic or renal failure) or of potentially less importance such as unplanned admission to the intensive care unit or treatment-requiring hypotension, arrhythmias, or hyperkalemia.
Two reviewers (D.J.R. and F.S.M.) independently screened the titles and abstracts for potential inclusion and retrieved potentially eligible articles for full-text evaluation. Two reviewers (D.J.R. and M.L.B.) working in duplicate independently selected studies for inclusion. The reviewers were in agreement for full text inclusion 100% of the time.
Data Extraction
Two hospitalists with experience in perioperative care and trained in clinical research (D.J.R. and F.S.M.) working independently and in duplicate extracted data from each eligible article using a standardized structured data extraction form. We extracted information about the study authors and publication, the patients (numbers in each group, indications for chronic ACEI/ARA therapy, type of surgery, agents used for anesthesia), event rates of surgical and perioperative complications (death, stroke, myocardial infarction, unplanned admission to the intensive care unit, treatment-requiring hypotension, arrhythmias, or hyperkalemia), and relevant periods (e.g., between last dose of ACEI/ ARA and surgery, between surgery and clinical end points, total follow-up). When key information was not available in the published report, we contacted authors by electronic mail. We made 2 attempts to contact authors who failed to respond. Three of the 4 authors contacted responded with the requested information.
Quality Assessment
For randomized trials, we noted whether authors reported adequate allocation concealment, blinding of patients, clinicians, data collectors, data analysts, outcome assessors, and loss to follow-up. The same reviewers (D.J.R. and F.S.M.) assessed study quality and were in agreement for each article and each domain of quality (kappa statistic in each case was 1.0). For cohort studies we noted details of cohort selection and comparability according to the Newcastle-Ottawa approach. 3 
Statistical Analysis
We used a DerSimonian and Laird random effects method 4 to conduct meta-analyses across eligible outcomes. Random effects meta-analysis incorporates both within-study and between-study variability. We chose a random effects approach because of the important degree of clinical heterogeneity expected between the included studies. For rare events we followed the approach by Sweeting et al. for the choice of a continuity correction factor. 5 We report the pooled relative risk and the associated 95% confidence interval.
Inconsistency and Subgroup Analyses
To ascertain the magnitude of inconsistency across trials, we measured the I 2 statistic, an estimate of the proportion of the overall betweenstudy variability that is not a result of random error or chance but of true clinical heterogeneity. 6 When possible, we explored subgroup analyses to explain heterogeneity, including subgroups defined by type of surgery (cardiovascular versus noncardiovascular), timing of measurement of outcomes (in relation to anesthesia induction postoperatively), and type of agent (ACEI or ARA). We estimated the difference in treatment effects between subgroups by testing the hypothesis of treatment-subgroup interaction with a nominal significance level of 5%. 7 
RESULTS

Search Results
The 509 titles reviewed included 410 titles produced by electronic searches and an additional 99 titles from other sources (Fig. 1) . Table 1 summarizes the characteristics of the 5 included studies (n 5 434 patients). Myocardial infarction was an end point in 3 studies (Brabant, Bertrand, and Comfere); 1 event was reported in the ''withheld'' arm of each of these studies (none in the ''continuing'' arms). Hypotension requiring vasopressors was reported in all 5 studies. The other end points of interest were reported sparsely. There was considerable heterogeneity across studies regarding follow-up period, which ranged from ending at incision to ending at dismissal from the hospital. Table 2 describes the methodological quality, as reported, of the included studies. Allocation concealment was unclear in 2 of the 3 randomized trials. Details of blinding either were not reported or otherwise were unclear in 2 of these 3 studies. Only 1 study specified the extent of loss to followup. 8 In 1 of the observational studies, 9 details of cohort selection were generally appropriate. The 12 patients examined in another study 10 had been scheduled consecutively for surgery. Both studies controlled for a variety of demographic and other key variables. Duration of follow-up ranged from 3 days after surgery (for ECG) 10 to as long as duration of hospitalization. 
Study Characteristics
Methodological Quality of Included Studies
Meta-analyses
Pooled results suggested that patients receiving the immediate preoperative ACEI/ARA dose were more likely (RR 1.51, 95% CI 1.14-2.01) to develop hypotension requiring vasopressors at or shortly after induction of anesthesia ( Fig. 2A) . There was important inconsistency between studies (I 2 5 59%). The pooled effect derived from randomized trials (RR 5 2.26, 95% CI 0.84-6.12) seemed greater than that derived from the 2 observational studies (RR 5 1.33, 95% CI 1.02-1.73), but the treatment-study design interaction was not significant (P 5 .3). Similarly, other subgroup explorations were not contributory. Appropriate Cohort somewhat representative of the adult population undergoing nonemergent surgery. The unexposed cohort was drawn from the same community as the exposed cohort Similar with 2 exceptions: compared with the ACEI-withheld group, the ARA-given group contained more than twice the proportion of patients with previous myocardial revascularization Compared with the ARA-given group, the ACEI-withheld group contained more than twice the proportion of patients with diabetes mellitus Comfere, 2005 9 
Appropriate
Cohort somewhat representative of the adult population undergoing nonemergent surgery (referral center population may not truly represent overall population). The unexposed cohort was drawn from the same community as the exposed cohort. Data were extracted from a secure record Adequate This study controls for a variety of demographic and other variables
The incidence of perioperative myocardial infarction was not significantly different between continuing and withheld groups (Fig. 2B) ; the results were consistent across trials (I 2 5 0%) but were imprecise (RR 5 0.41, 95% CI 0.07-2.53). Data were insufficient for subgroup analyses.
DISCUSSION
Statement of Principle Findings
Our systematic review identified 3 randomized trials and 2 observational studies examining the clinical consequences of continuing versus deliberately withholding the immediate preoperative dose of a renin-angiotensin-aldosterone system antagonist in patients treated chronically with these agents and scheduled to undergo nonemergent surgery.
Results from pooled estimates suggest that continuing chronic therapy up until surgery may increase the risk of perioperative hypotension requiring vasopressors (Fig. 3) . Otherwise, this systematic review did not identify any clinically significant consequences associated either with preoperatively withholding or continuing RAAS antagonists. We do note that all 3 of the myocardial infarctions reported occurred in patients from whom the immediate preoperative ACEI/ARA dose was withheld, although no meaningful conclusion can be inferred from so few data points.
Strengths and Weaknesses of This Review
We observed considerable variation in design quality from study to study. With the exception of hypotension, other end points were not examined uniformly in the studies comprising this review. This was due either to study design (retrospective) or to the belief that the outcomes were not likely. With 1 exception, 11 patient-important end points such as myocardial infarction were noted if they occurred but not explicitly sought. Without active surveillance (serial electrocardiographic and biomarker testing), events such as myocardial infarction may remain undetected. Pain from myocardial ischemia, for example, may be masked by postoperative analgesia. Creatine kinase with muscle and brain subunits (CK-MB) may be elevated in response to extracardiac injury. Postoperative ECG findings often are nonspecific. 12 Furthermore, these studies examined the immediate and short-term postoperative periods, possibly missing late-manifesting hypotension-induced or other end-organ damage. Thus, truly reliable conclusions regarding the frequency of myocardial infarction, cerebrovascular events, and other patient-important outcomes cannot be reached. Because this review includes small studies, it is particularly vulnerable to the effects of publication bias. The overall quality of the evidence we summarized makes it likely that larger rigorous trials may fail to confirm our findings. [13] [14] [15] Notably, this is to our knowledge the first systematic review addressing the clinical consequences of continuing or withholding the immediate preoperative dose of ACEI/ARAs.
Meaning of the Study
Evidence exists that perioperative ACEI/ARA therapy can impair the body's already anesthesia- suppressed blood pressure regulation system. Patients scheduled to undergo cardiovascular surgery may be at increased risk for the development of perioperative hypotension requiring vasopressors if the immediate preoperative ACEI/ARA dose is given. The results of this review-a review of studies that were relatively small and generally not powered to observe clinically significant consequences-do not provide sufficient evidence to support the systematic withholding or the systematic continuation of RAAS antagonists. Patients will be served best by hospitalists and other clinicians involved in perioperative care who take into account situation-specific details in making this decision. A patient at particularly high risk for the complications of a blood pressure extreme (either hyper-or hypotension) represents such an example.
For patients who receive the immediate preoperative ACEI/ARA dose and do develop perioperative hypotension, there is inadequate evidence to determine whether that hypotension leads to patient-important adverse outcomes. In fact, data from literature presently available are insufficient to reach any conclusion about long-term clinical consequences of continuing or not continuing chronic ACEI/ARA therapy. The available studies were relatively small, reported few if any events, and were not designed to measure accurately the incidence of patient-important end points.
Unanswered Questions and Future Research
Large and rigorous randomized trials could help to clarify the relationships suggested in this metaanalysis and provide valid data about the consequences of continuing versus withholding preoperative ACEI/ARA therapy. Such trials are required before strong evidence-based recommendations can be formulated.
